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Introduction
Cold pressed orange oil is widely used in beverage, perfumery industry and aromatherapy. In general, there are two types of orange oils: sweet orange oil from Citrus sinensis and bitter orange oil from Citrus aurantium.
Sweet orange oil is the most widely used citrus oil. It possesses a light sweet, fresh top note with fruity and aldehydic character (1) . It is widely used in the flavour industry especially in beverages and candies. It can provide the top note for citrus flavouring as well as characteristic and most universally accepted flavour. The sweetness and in the same time the refreshing note makes them appropriate base for still and carbonated soft drinks.
Most of the orange oils on the world market are Italian and American industrial oils, but there are also oils produced in Spain, and in the South American countries. Moreover, studies on laboratory-extracted oils from the peel of fruits of special cultivars from different regions such as Algeria, Libya, Israel, Russia, China and Japan have been published (1) .
Bitter orange oil possesses fresh citrus top notes, but is considered less sweet, and even bitter and dry. It has floral and aldehydic characteristics (1). The tenacity is greater than the most other citrus oils. In flavourings, this oil can be used to provide a citrus top note or act as a modifier in the citrus blend. The major application is in the citrus flavourings for beverages, especially liqueurs. It also intensifies the orange character in soft drinks.
Most of the papers pertinent to sweet orange oil composition were reviewed by Sawamura (2, 3) and Lawrence (4) . A large number of papers deal with the composition of the volatile fraction of sweet orange oil and in many of them its differences in relation to the cultivars are reported with particular references to the different content of aliphatic aldehydes and linalool (5) (6) (7) (8) (9) (10) , and the volatile components of bitter orange oil (11, 12) .
The goal of this work is to present a way of comparative investigation of the cold pressed sweet and bitter orange oils found in the market and to see the difference between the oils. The results are compared with the published ones for fresh orange oils and some indications about the freshness and the origin are discussed.
Experimental
Two commercial samples of oils produced from peel of Citrus sinensis and Citrus aurantium were kindly supplied from an Italian flavour company.
Each sample was analysed by GC/MS using a HP 6890 Gas chromatograph equipped with a HP 5973 mass selective detector with a HP-5 fused silica column (30 m x 0.25mm, 0.25 μm film thickness). The column temperature was changed linearly from 40 to 180 ºC by 4 ºC/min, and after that 20ºC/min to 260ºC. 0.2 μL were injected at a split ratio of 1:100. The inlet temperature was 260ºC and the transfer line temperature was 280ºC.
The MS library used was Wiley 275. Also, compound identification was checked by linear retention indices with standard series of alkanes (C 8 -C 32 ) and compared with the LRI values in the database of the Citrus Research and Education Centre at the University of Florida (13) and in the book of Adams (14) .
Results and discussion
Sample preparation is one of the most important processes in flavour research, because the aroma compounds are substantially volatile and unstable against heat (3). GC-MS is a valuable tool in characterization of essential oils because the interpretation of the results of qualitative and quantitative analysis can enable an insight in the process of production, storage and age of the commercially produced oils.
In this work, more than fifty components were identified in the analysed sweet and bitter orange oils. The identified compounds and their linear retention indices calculated on HP-5 column are given in Table 1 . For each sample, the quantitative composition (as a relative percentage of peak area) for each component is given together with the aroma descriptors for the components as found in the database of the Citrus Research and Education Centre at the University of Florida (13) and by Choi (15) .
The GC-MS chromatograms obtained for both samples of essential oils of sweet and bitter orange oil are given in Fig. 1 and Fig. 2 , respectively.
The data in Table 1 show that different quantities and ratios of the same components give different taste of the aroma. According to the data, the quantities of α-pinene, Fig. 1 . Chromatogram of sweet orange peel oil camphene, myrcene and octanal are higher than the usual values for cold-pressed sweet and bitter orange oil (1) . On the other hand, the quantities of limonene are lower (76.65 % in sweet orange oil and 71.2 % in bitter orange oil) than expected according to the published data for fresh sweet and bitter orange essential oils (over 90 %) (1) .
The quantity of α-terpinolene which gives the citrus and pine note according to odor description database of Citrus Research and Education Centre (13) is almost six times greater in bitter orange oil than in sweet orange oil. The quantity of valencene in sweet orange oil is more than double compared to bitter orange oil, which is expected because this compound gives the specific sweet citrus odor for sweet orange.
Aldehydes are the most important compounds for the citrus flavour. The quantity of aldehydes in sweet orange peel oil is double compared to the aldehydes content in the bitter orange oil. Octanal, nonanal and decanal, which are very active odor compounds and have a sweet note, are in higher quantity in sweet than in bitter orange oil (2) .
On the other hand, alcohols content in bitter orange oil is higher than in sweet orange oil, but linaool in both analysed commercial oils is in bigger quantity than expected from the published data (1) .
Also the quantity of esters is three times higher in bitter orange oil in comparison to quantity of esters in sweet orange oil, because the quantity of geranyl acetate and linalyl acetate are very high in bitter orange oil.
There are some components expected and identified in the in bitter orange oil like +-2-carene, n-octyl acetate, linalyl acetate, 2,4-decadienal, δ-elemene, germacren B, nerolidol, bergapten, which are missed in the sweet orange oil. β-pinene is also missed in sweet orange oil and it is present in bitter orange oil in enough high quantity.
It is well known that the bitter taste of bitter orange oil predominantly comes from the nonvolatile components of the peel, but also the volatile components give a significant part of the aroma of bitter orange oil (1). The component which gives a bitter odor, carvon, is in higher quantity in bitter orange than in sweet orange oil. It has been observed that orange oil deteriorates very rapidly in aqueous acidic environment and under the influence of light and oxygen. Relatively high quantity of carvon in both oils has been identified as the major degradation product (Fig. 3 ), and has also been reported as a constituent of various old citrus oils (11, 16) . From this we can include that the oils purchased from the market are not fresh.
Maked. farm. bilt., 51 (1,2 All these results indicate that the two commercially produced orange oils purchased from the flavour market are not fresh and original cold pressed essential oils, but some of the components, like limonene, are removed from the oil and some of the components, like α-pinene, sabinene are added to the oils by physical or chemical methods (1) .
In conclusion, the qualitative and quantitative analysis of the commercial bitter orange oil shows that this oil is not pure cold pressed oil because the ratio α-pinene/β-pinene is greater then 0.8 which indicates addition of grapefruit terpenes in the bitter orange oil (1) . On the other hand, the significant amount of myrcene (>2 %) and octanal (>0.2 %) in the commercial sweet orange oil gives an indication that the oil is not an original cold pressed oil, but has been modified in the manufacturing process, which is also supported by the significantly reduced content of limonene. Fig. 3 
